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AUTOMATIC GAIN CONTROLLER AND
CONTROLLING METHOD THEREOF

FIELD OF THE INVENTION

The present invention relates to an automatic gain control-
ler, and more particularly to an automatic gain controller
having a function of controlling a noise signal and the con-
trolling method thereof.

BACKGROUND OF THE INVENTION

In the voice transmission system, such as the digital
enhanced cordless telecommunications (DECT), it 1s com-
mon to have build-in echo canceller to eliminate the echo.
Also for those hand free cellular phones, the distance changes
between the talker and the phone result in the inconsistent
voice volume. To control the volume within the preset values,
the automatic gain controller 1s generally introduced 1n the
voice transmission system for processing the volume control.

Please refer to FI1G. 1, which 1s a block diagram 1llustrating
the circuit of the common voice transmission system. It
includes an analog-to-digital converter 11 (ADC), a digital-
to-analog converter 18 (DAC), a finite impulse response filter
15 and an automatic gain controller 13 (AGC). Digital signal
converted from mput analog signals through analog-to-digi-
tal converter 11 1s multiplied by the first gain 12 and then
minus the echo value calculated by the finite impulse
response filter 15 so that the signal-energy 1s obtained. This
signal-energy that has been processed by automatic gain con-
troller 13 will be sent to loudspeaker 14. The phenomenon
that the phone recerver has inconsistent voice volume could
be prevented by such procedure described above. Atthe trans-
mitter side, the signal received from the microphone 16 1s
multiplied by the second gain 17 and then 1s converted into an
analog output signal by digital-to-analog converter 18.

Please referto FIGS. 2a and 25, which show the waveforms
of the signals before and after treated by the automatic gain
controller used 1 common voice transmission system. FIG.
2a shows the waveform at point A i FIG. 1 while FIG. 25
shows the waveform at point B 1n FIG. 1. As shown in FIG. 2a
and FIG. 2b, two levels, an assigned level and a noise level,
will be set by the automatic gain controller. The assigned level
1s the predetermined volume. If the volume 1s greater than
assigned level, 1t will be diminished by the automatic gain
controller. On the contrary, 1f the volume 1s less than the
assigned level, the volume will then be increased by the
automatic gain controller and controlled within the range of
the assigned level. For the noise level, the very small volume
often considered to be the noise wouldn’t be processed.

However, 1n the practical application, using the fixed-point
method to calculate the first gain 12 and second gain 17 may
introduce noises. Also the finite impulse response filter 15
might not be able to eliminate echo entirely, that leaves the
noise signals with small energy. These noise signals will
generate uncomiortable noise if the bit number 1s not enough
for the fix-point calculation.

From the above description, 1t 1s known that how to develop
a new controller and controlling method with the advantages
of low production costs and having the function of noise
control has become a major problem waited to be solved. In
order to overcome the drawbacks in the prior art, an automatic
gain controller and the controlling method thereof are pro-
vided. The particular design 1n the present invention not only
solves the problem described above, but also uses a noise
level to be one of the controls 1n the control flow chart of the
automatic gain controller for controlling the noise. It only
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needs simple circuit elements to implement the automatic
gain controller of the present invention, and therefore greatly
decreases the production costs. Thus, the invention has the
utility for the industry.

SUMMARY OF THE INVENTION

It 1s an object of the present mvention to provide an auto-
matic gain controller wherein the volume 1n noise level has
become one of the controls in the control flow chart of the
automatic gain controller. While signal-energy 1s less than or
equal to noise level, the gain less than 1 1s provided by the
automatic gain controller for eliminating the noises.

It 1s another object of the present invention to provide an
automatic gain controller. Two different gain time constants
are provided for first gain and second gain in the automatic
gain controller of the present invention, so that the system can
adjust to different astringent speed according to the demand
of system.

It 1s another object of the present invention to provide an
automatic gain controller. In the hardware structure, not many
circuit elements are needed to implement the automatic gain
controller with the function of eliminating the noises in the
present 1nvention. Furthermore, there 1s no multiplier
mounted 1n the infinite 1mpulse response filter of the auto-
matic gain controller, instead, a shift register 1s mounted in the
infinite 1mpulse response filter. This greatly simplifies the
hardware design and decreases the production cost.

In accordance with an aspect of the present invention, an
automatic gain controller includes a first multiplexer for
receiving an mput signal and a gain and generating a first
output, a second multiplexer for recerving a signal time con-
stant and a gain time constant and generating a second output,
a filter electrically connected to the first multiplexer and the
second multiplexer for generating one of a signal-energy and
an actual gain 1n response to the first output and the second
output, a signal-energy processing device electrically con-
nected to the filter, the first multiplexer and the second mul-
tiplexer for generating the gain and the gain time constant in
response to the signal-energy, and a multiplier electrically
connected to the filter for multiplying the actual gain by the
input signal to generate an output signal.

Preferably, the mput signal 1s a volume signal.

Preferably, the first output and the second output are deter-
mined by the first multiplexer and the second multiplexer
respectively by means of a level variation at an enabling end.

Preferably, the first output and the second output are the
input signal and the signal time constant respectively when
the enabling end 1s at a high level.

Preferably, the first output and the second output are the
gain and the gain time constant respectively when the
cnabling end 1s at a low level.

Preferably, the automatic gain controller further includes a
tlip-tlop electrically connected to the multiplier for outputting
the output signal according to the level at the enabling end.

Preferably, the thp-flop 1s a D type tlip-flop.

Preferably, the filter 1s an infimite impulse response filter.

Preferably, the filter includes two shift registers.

Preferably, the signal-energy 1s output by the filter when
the first output 1s the input signal and the second output 1s the
signal time constant.

Preferably, the actual gain 1s output by the filter when the
first output 1s the gain and the second output 1s the gain time
constant.

Preferably, the signal-energy processing device includes a
comparator and a divider.




US 7,426,250 B2

3

Preferably, the signal-energy 1s compared with a predeter-
mined noise level by the signal-energy processing device, a
first gain and a first gain time constant are output from the
signal-energy processing device if the signal-energy 1s
greater than the noise level, and a second gain and a second
gain time constant are output from the signal-energy process-
ing device if the signal-energy 1s less than or equal to the noise
level.

In accordance with another aspect of the present invention,
a gain controlling method for processing a signal-energy
includes steps of: a) comparing the signal-energy with a pre-
determined noise level, b) generating a first gain and a {first
time constant by means of the signal-energy processing
device 1f the signal-energy 1s greater than the noise level, ¢)
processing the first gain by means of a filter for generating the
actual gain, d) generating a second gain and a second time
constant by means of the signal-energy processing device 1f
the signal-energy 1s less than or equal to the noise level, ¢)
processing the second gain by means of a filter for generating
the actual gain.

Preferably, the signal-energy processing device includes a
comparator and a divider.

Preferably, the first gain 1s a ratio of a predetermined
assigned level to the signal-energy.

Preferably, the second gain 1s a predetermined value less
than or equal to 1.

In accordance with another aspect of the present invention,
an automatic gain controller includes a first multiplexer for
receiving an mput signal and a gain and generating a first
output, a second multiplexer for recerving a signal time con-
stant and a gain time constant and generating a second output,
a filter electrically connected to the first multiplexer and the
second multiplexer for generating one of a signal-energy and
an actual gain 1n response to the first output and the second
output, and a signal-energy processing device electrically
connected to the filter, the first multiplexer and the second
multiplexer for generating the gain and the gain time constant
in response to the signal-energy.

Preferably, the automatic gain controller further includes a
multiplier electrically connected to the filter for multiplying
the actual gain by the input signal to generate an output signal.

Preferably, the filter 1s an infinite impulse response filter.

Preferably, the filter includes two shift registers.

Preferably, the signal-energy processing device includes a
comparator and a divider.

Preferably, the automatic gain controller further includes a
tlip-tlop electrically connected to the multiplier for outputting
the output signal according to a level at an enabling end.

In accordance with another aspect of the present invention,
a gain controlling method for processing a signal-energy
includes steps of: a) comparing the signal-energy with a pre-
determined noise level, b) generating a first gain and a {first
time constant by means of the signal-energy processing
device 1f the signal-energy 1s greater than the noise level, ¢)
generating a second gain and a second time constant by means
of the signal-energy processing device 1 the signal-energy 1s
less than or equal to the noise level.

Preferably, the step b) further includes step b1) processing
the first gain by means of a filter for generating the actual gain.

Preferably, the step ¢) further includes step c¢1) processing,
the second gain by means of a filter for generating the actual
gain.

Preferably, the first gain 1s a ratio of a predetermined
assigned level to the signal-energy.

Preferably, the second gain 1s a predetermined value less
than or equal to 1.
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The above objects and advantages of the present invention
will become more readily apparent to those ordinarily skilled
in the art after reviewing the following detailed description
and accompanying drawings, 1n which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a block diagram 1llustrating the circuit the com-
mon voice transmission system according to the prior art;

FIGS. 2a and 25 show the wavelorms of the signals before
and after treated by the automatic gain controller used 1n
common voice transmission system according to the prior art;

FIGS. 3a and 35 show the wavelorms of the signals before
and after treated by the automatic gain controller of a pre-
terred embodiment according to the present invention;

FIG. 4 1s the control flow chart of the automatic gain
controlling method according to a preferred embodiment of
the present invention;

FIG. §, which 1s the circuit block diagram of the automatic
gain controller according to a preferred embodiment of the
present invention; and

FIG. 6 shows the structure of the infinite impulse response
filter according to FIG. 5 of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENT

PREFERRED

Please referto FIGS. 3a and 35, which show the wavetorms
of the signals before and after treated by the automatic gain
controller according to the present invention. In FIGS. 34 and
3b, two levels, assigned level and noise level, will be set by the
automatic gain controller. The assigned level 1s the predeter-
mined volume. The volume will be dimimished by the auto-
matic gain controller 1f1t1s greater than the assigned level. On
the contrary, 1f the volume 1s less than the assigned level, 1t
will then be enlarged by the automatic gain controller and
controlled within the range of the assigned level. While the
volume 1s less than the noise level, the volume will be reduced
to eliminate the noises. That 1s, the noise signal 1n the noise
level 1s lowered and inhibited in the automatic gain controller
provided in the present invention. That 1s where the present
invention 1s different from that of the prior art.

Please refer to FIG. 4, which is the control flow chart of the
automatic gain controlling method according to a preferred
embodiment of the present mvention. For the purpose of
climinating the noises while progressing the voice transmis-
sion, the volume signal i1s transferred into signal-energy
which 1s then compared with a noise level (step 41) according
to the gain controlling method of the present invention. If that
signal-energy 1s greater than the noise level, a first gain and a
first time constant are generated by the automatic gain con-
troller according to the method of the present invention (step
42). Then the first gain and the first time constant are treated
by a low pass filter and thus an actual gain 1s generated (step
43). Nevertheless, 11 the signal-energy 1s less than or equal to
noise level, a second gain and a second time constant are
generated by the automatic gain controller according to the
method of the present mnvention (step 44). Through process-
ing the second gain and second time constant with the low
pass filter, an actual gain 1s generated (step 45). The function
of the low pass filter 1s to modulate the gains and to prevent the
gains from changing suddenly.

The first gain described above is the value obtained by
dividing the assigned level by the signal-energy. The second
gain 1s the predetermined value which 1s less than or equal to
1. The related equations are shown as follows. Equation 1 1s
the calculation formula for the signal-energy, Equation 2 1s
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the calculation formula for the actual gain when the signal-
energy 1s greater than noise level, and Equation 3 is the
calculation formula for the actual gain when the signal-en-
ergy 1s less than or equal to noise level.
signal-energy[#]=signal-energy[#—1]+Isignal |*2 €.

tHme _const =S ignal__time

nal —signal-energy[n—1]

CoMn st

(1)

fme__

actual_gain[n]=actual_gain[nz—1]+|gain|*2~4<“—
cansrl_acmal_gain [H— 1 ] =I=2—A' GC_time__constl

(2)

actual_gain[x]=actual_gain[x—1]+|gain|* 24 c—me—

consﬂ_acmal_gain [?I— 1 ] ;gz—fi GGl__time__consi?

(3)

The reason for choosing different time constants 1n Equa-
tion 2 and Equation 3, AGC_time_constl and AGC_time-
_const2 respectively, 1s to let the user define the constant
according to the demand of the system and get different
convergent speed for each gain.

Please refer to FIG. 5, which shows the circuit block dia-
gram of the automatic gain controller according to a preferred
embodiment of the present invention. The structure of the
circuit block 1s designed based on the control flow chart of
FIG. 4. The automatic gain controller includes a first multi-
plexer 51, a second multiplexer 352, an infinite 1mpulse
response lilter 53, a signal-energy processing device 54, a
multiplier 55 and a D type flip-tlop 56.

First, an enable signals connected to the first multiplexer 51
and the second multiplexer 52 1s set at hugh level (*17). The
output (first output) generated from the first multiplexer 51 1s
an 1nput signal, and a signal time constant generated by the
second multiplexer 52 1s the second output. Then, the input
signal and the signal time constant are transmitted to the
infinite impulse response filter 33 for performing the calcu-
lation process so as to produce a signal-energy. The signal-
energy 1s then sent to the signal-energy processing device 54
which includes a comparator 541 and a divider 542, for fur-
ther treatment. At this time, the value of noise level 1s preset
at a predetermined volume 1n the system. I the signal-energy
1s greater than the noise level value, the first gain and first gain
time constant are output by the signal-energy processing
device 54 and sent back to the first multiplexer 51 and second
multiplexer 52 for the later calculation to obtain the actual
gain. On the contrary, 1f the signal-energy 1s less than or equal
to the noise level value, the second gain and second gain time
constant are output by the signal-energy processing device 54
and sent back to the first multiplexer 51 and second multi-
plexer 52 for the later calculation to obtain the actual gain.

Then, an enable signals connected to the first multiplexer
51 and second multiplexer 52 1s set at low level (07). A gain
(first gain or second gain) 1s output by the first multiplexer 51,
and a gain signal time constant (first gain time constant or
second gain time constant) 1s output by the second multi-
plexer 52. The gain and the gain signal time constant are
transmitted to the infinite impulse response filter 33 for per-
forming the calculation process so as to produce an actual
gain. The mput signal 1s multiplied by the actual gain through
multiplier 55 for generating an output signal. Finally, the
enable output for D type thp-flop 56 1s set at high level (“17)
and thus the output signal of the multiplier 1s sent out.

Please refer to FIG. 5 again. The infinite impulse response
filter 53 shown 1n FIG. 5 uses equation (1), (2) and (3) for
calculation. As these equations are calculated using quadratic
formula, they can be implemented by a shift register. The
structure of the infinite impulse response filter 53 1s shown 1n
FIG. 6. FIG. 6 shows the structure of the infimite impulse
response filter 33 according to FIG. 5. The infinite impulse
response filter 33 includes a first shift register 62, a second

10

15

20

25

30

35

40

45

50

55

60

65

6

shift register 63, an absolute value calculation 61 and an
addition/subtraction calculation 64. Please refer to F1G. 5 and

take equation (1) as an example, 11 the first output 1s the input
signal and the second output 1s the signal time constant, then
A, B, C can be obtained by the following formulas:

| ¥ Y= ignal__time__const

A=|signal

:{:2 —signal__fHme _const

b=signal-energy[n—1]

C=signal-energy[n-1]

After A, B and C are obtained from the above equations, the
addition/subtraction calculations 64 are proceeded for gener-
ating the signal-energy. The signal-energy can be obtained by
the following equations:

signal-energy[xn/=4-B+(C=signal-energy[x—1]+|s1g-
nal|#2signal—time—consi_gignal-energy[n—1]*2"

] e const
signal

Base on the theory described above, the actual gain can be
obtained 1n the same way by the infinite impulse response
filter 53 while the first output 1s the gain and the second output
1s the gain time constant.

To sum up above, the automatic gain controller provided in
the present invention has the following advantages when
compared to the prior art:

1) The control for noise level 1s added and becomes one of
the controls 1n the control flow chart of automatic gain con-
troller of the present invention. While signal-energy 1s less
than or equal to noise level, the gain less than 1 1s provided by
the automatic gain controller for eliminating the noises.

2) Two different gain time constants are provided for first
gain and second gain by the automatic gain controller of the
present invention. Therefore, the system can has different
convergent speed for each gain according to the demand of
system.

3) In the hardware structure, only some simple circuit
clements are needed to implement the automatic gain con-
troller with the function of eliminating the noises in the
present invention. Furthermore, there 1s no multiplier
mounted 1n the infinite impulse response filter 1n the auto-
matic gain controller of the present invention. Instead, i1t 1s a
shift register in the infinite 1mpulse response filter. This
greatly simplifies the hardware design and decreases the pro-
duction cost. Therefore, the present invention exhibits mndus-
trial application and high commercial value.

While the invention has been described in terms of what 1s
presently considered to be the most practical and preferred
embodiments, it 1s to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it 1s mntended to cover various modifications and similar
arrangements 1ncluded within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What 1s claimed 1s:

1. An automatic gain controller, comprising:

a 1irst multiplexer for recerving an input signal and a gain
and generating a {irst output;

a second multiplexer for receiving a signal time constant
and a gain time constant and generating a second output;

a filter electrically connected to said first multiplexer and
said second multiplexer, and generating a signal energy
when said signal time constant modulates said input
signal and generating an actual gain when said gain time
constant modulates said gain in response to said {first
output and said second output;
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a signal-energy processing device electrically connected to
said filter, said first multiplexer and said second multi-
plexer for generating said gain and said gain time con-
stant 1n response to said signal-energy; and

a multiplier electrically connected to said filter for multi-
plying said actual gain by said input signal to generate an
output signal.

2. The automatic gain controller as claimed in claim 1,
wherein said mput signal 1s a volume si1gnal.

3. The automatic gain controller as claimed 1n claim 1,
wherein said first output and said second output are deter-
mined by said first multiplexer and said second multiplexer
respectively by means of a level variation at an enabling end.

4. The automatic gain controller as claimed in claim 3,
wherein said first output and said second output are said input
signal and said signal time constant respectively when said
enabling end 1s at a high level.

5. The automatic gain controller as claimed in claim 3,
wherein said first output and said second output are said gain
and said gain time constant respectively when said enabling
end 1s at a low level.

6. The automatic gain controller as claimed 1n claim 1
turther comprising a flip-tlop electrically connected to said
multiplier for outputting said output signal according to said
level at said enabling end.

7. The automatic gain controller as claimed in claim 6,
wherein said thp-tlop 1s a D type tlip-flop.

8. The automatic gain controller as claimed 1n claim 1,
wherein said {ilter 1s an infinite impulse response filter.

9. The automatic gain controller as claimed in claim 8,
wherein said filter comprises two shiit registers.

10. The automatic gain controller as claimed 1n claim 8,
wherein said signal-energy 1s output by said filter when said
first output 1s said input signal and said second output 1s said
signal time constant.

11. The automatic gain controller as claimed 1n claim 8,
wherein said actual gain 1s output by said filter when said first
output 1s said gain and said second output 1s said gain time
constant.

12. The automatic gain controller as claimed 1n claim 1,
wherein said signal-energy processing device comprises a
comparator and a divider.

13. The automatic gain controller as claimed 1n claim 12,
wherein said signal-energy 1s compared with a predetermined
noise level by said signal-energy processing device, a first
gain and a first gain time constant are output from said signal-
energy processing device if said signal-energy 1s greater than
said noise level and a second gain and a second gain time
constant are output from said signal-energy processing device
il said signal-energy 1s less than or equal to said noise level.

14. An automatic gain controller, comprising:

a first multiplexer for receiving an mnput signal and a gain
and generating a first output;
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a second multiplexer for receiving a signal time constant
and a gain time constant and generating a second output;

a filter electrically connected to said first multiplexer and
said second multiplexer and generating a signal-energy
when said signal time constant modulates said input and
generating an actual gain when said gain time constant
modulates said gain 1n response to said first output and
said second output; and

a signal-energy processing device, electrically connected
to said filter, said first multiplexer and said second mul-
tiplexer for generating said gain and said gain time con-
stant 1n response to said signal-energy.

15. The automatic gain controller as claimed in claim 14
turther comprising a multiplier electrically connected to said
filter for multiplying said actual gain by said input signal to
generate an output signal.

16. The automatic gain controller as claimed 1n claim 15
further comprising a flip-tlop electrically connected to said
multiplier for outputting said output signal according to a
level at an enabling end.

17. The automatic gain controller as claimed 1n claim 14,
wherein said filter 1s an 1nfinite impulse response filter.

18. The automatic gain controller as claimed 1n claim 17,
wherein said filter comprises two shift registers.

19. The automatic gain controller as claimed 1n claim 14,
wherein said signal-energy processing device comprises a
comparator and a divider.

20. A gain controlling method for processing a signal-
energy by means of a signal-energy processing device of an
automatic gain controller and generating an actual gain 1n
response to said signal-energy, comprising steps of:

a) comparing said signal-energy with a predetermined

noise level;

b) generating a first gain and a first time constant by means
of said signal-energy processing device 1 said signal-
energy 1s greater than said noise level;

¢) generating a second gain and a second time constant by
means of said signal-energy processing device 1f said
signal-energy 1s less than or equal to said noise level,
wherein the actual gain 1s calculated by an equation of
one of said first time constant and said second time
constant.

21. The method as claimed 1n claim 20, wherein said step b)
turther comprises step bl) processing said first gain by means
of a filter for generating said actual gain.

22.The method as claimed in claim 20, wherein said step ¢)
turther comprises step cl) processing said second gain by
means of a filter for generating said actual gain.

23. The method as claimed 1n claim 20, wherein said first
gain 1s aratio of a predetermined assigned level to said signal-
energy.

24. The method as claimed 1n claim 20, wherein said sec-
ond gain 1s a predetermined value less than or equal to 1.
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